Abstract. The compressive strength of two kinds of lightweight concrete was studied. The results show that the incorporation of EPS can improve the plastic deformation ability of concrete. The effect of EPS on the compressive strength of concrete depends on the amount and particle size of EPS foam. The incorporation of manufactured sand can improve the compressive strength of EPS concrete. The effect of the amount of manufactured sand on the compressive strength of EPS concrete depends on the amount of EPS in concrete.
Introduction
Expanded polystyrene foam (Expanded Polystyrene referred to as EPS) is a light polymer. It is made from polystyrene resin to join the blowing agent, forming a rigid closed-cell structure of the foam. It is an effective recovery method of polystyrene, which can reduce the white pollution caused by polystyrene. EPS concrete has a good performance in lightness, sound insulation, deformation, impact resistance and other properties, can be used for production such as sheathing board, curtain wall, load-bearing concrete blocks and other building materials. Chen et al. [1] modified the EPS concrete with neoprene latex, silica fume and steel fiber, which effectively improved the compressive strength and shrinkage performance of EPS concrete.
As a kind of sand made from stone, manufactured sand can replace the natural river sand as a preparation of concrete material, with the mining of natural sand resources less and less. Manufactured sand can be used to formulate different types of concrete [2] [3] [4] . If the proportion of mixture is reasonable, the manufactured sand can be used to form high-strength concrete [5] , self-compacting concrete [6] , fiber reinforced concrete [7] . Manufactured sand generally contains stone powder that weighs about 10% to 15%. The results of Bonavetti et al. [8] show that the hydration degree of cement increases with the increase of the amount of stone powder in liquid cement of very low water-cement ratio, while the volume of hydration product increase with the increase of the amount of stone powder in liquid cement of high water-cement ratio.
In this paper, EPS foam was selected to be 0.5-1mm, 2-3mm, 5-6mm.EPS foam replacing the coarse aggregate in concrete with 25%, 50% and 75% of the volume of coarse aggregate.EPS concrete of different foam particle size and proportion was prepared. The compressive strength of EPS concrete was measured and the effect of EPS foam amount and foam particle size on compressive strength was studied. Then, two groups of EPS concrete with EPS foam diameter of 0.5-1mm, EPS foam amount of 50% and 75% were selected, and the manufactured sand replaced the natural river sand in EPS concrete and the compressive strength was measured. The effects of EPS amount and the amount of manufactured sand on the compressive strength of the concrete were studied to explore if the mechanical properties of EPS concrete were improved by using manufactured sand instead of river sand.
Experimental Details

Materials and Mix Proportions
Cement: P·O42.5 ordinary portland cement. Coarse aggregate for the grain size of 5 ~ 25mm, well-graded limestone gravel. Fine aggregate for the fineness module of 2.95, well-graded clean sand. EPS: Foam particle size is divided into three categories: Class A (0.5-1mm), Class B (2-3mm) and Class C (5-6mm) with density of 25kg/m 3 .Manufactured sand: stone powder amount of 10%, fineness module of 3.4.Superplasticizer: polycarboxylate superplasticizer. The proportion of mixture of concrete is shown in Table 1 . 
Testing of Concrete Specimens
The size of concrete specimens is 100mm × 100mm × 100mm. The specimens are measured by the electronic universal testing machine, using displacement control mode, the loading rate of 1mm /min. Fig.1 shows the quasi-static compressive stress-strain curves of EPS concrete with EPS foam size of type A (0.5 ~ 1mm) in volume fraction of 25%, 50% and 75% respectively. It can be seen from the figure that the compressive strength of EPS concrete decreases with the increase of foam replacement. Before stress reaches peak stress, the stress-strain curve is linear and the stress is linearly related to strain. After the stress reaches the peak stress, the compressive strength of the EPS concrete decreases, and with the increase of the EPS foam replacement rate, the platform section appears in the stress-strain curve. The residual strength remains basically unchanged until the concrete is completely crushed.
Test Results and Discussion
Quasi-static Compressive Stress-strain Curves and Compressive Strength of EPS Concrete
This test phenomenon can be explained from the perspective of the internal structure of the material. In the initial stage, before the stress reaches the peak stress, the skeleton that is formed by the concrete bear the load, showing the characteristics of the ordinary concrete, the stress and strain correlating linearly. When the stress reaches the peak stress, the concrete skeleton begins to collapse, the EPS foam begins to bear Load and is gradually compacted, showing a certain viscoelastic characteristics. So EPS concrete still has a certain strength and the platform stage appears in stress and strain curve.
The EPS concrete was maintained to the required age for strength testing. According to Standard for test method of mechanical properties on ordinary concrete, the large-dispersion value was removed and the value of compressive strength multiplied by 0.95. EPS concrete compressive strength was in Table 2 . According to Table 2 , It can be seen that the compressive strength of EPS concrete decreases with the increase of the replacement rate of EPS foam. The strength of ordinary concrete (without EPS foam) is 34.2MPa. When the particle size is 0.5-1mm and EPS foam replacement rate is 25%, 50% and 75%, the corresponding compressive strength is 28.8MPa, 15.9MPa and 11.1MPa respectively, which is 15%, 53%, 67% lower than that of ordinary concrete. When EPS replacement rate reach 0 ~ 25% and 50% ~ 75%, the compressive strength decline slowly. When EPS replacement rate reach 25% ~50%, the compressive strength decline quickly. When the EPS foam replacement rate is 50%, EPS concrete strength is roughly equal to 50% of the strength of ordinary concrete. 
Compressive Strength of Manufactured Sand-EPS Concrete
The manufactured sand-EPS concrete was maintained to the required age for strength testing. According to Standard for test method of mechanical properties on ordinary concrete, the large-dispersion value was removed and the value of compressive strength multiplied by 0.95. The compressive strength of manufactured sand-EPS concrete was in Table 3 . Through the analysis of the data in Table 3 , the relationship between the compressive strength of manufactured sand-EPS concrete and the replacement rate of the manufactured sand is shown in Fig  2. It can be seen from Fig. 2 that for concrete with EPS replacement rate of 50%, compared with EPS concrete without manufactured sand, the compressive strength of manufactured sand-EPS concrete increased by 51.2%, 27.6%, 25.7%, and 23.7% respectively when the replacement rate of the manufactured sand is 20%, 40%, 60% and 80%. With the increase of the replacement rate of the manufactured sand, the compressive strength of the manufactured sand-EPS concrete increases first and then decreases. When the replacement rate of the manufactured sand is more than 40%, the compressive strength of the manufactured sand-EPS concrete remains basically unchanged. In this experiment, for the EPS replacement rate of 50%, when the replacement rate of manufactured sand is 20%, the compressive strength of manufactured sand -EPS concrete is the largest.
For the concrete with the EPS replacement rate of 75%, compared with EPS concrete without manufactured sand, the compressive strength of manufactured sand -EPS concrete increased by 25.3%, 30.4%, 48.3%, and 58.5% respectively when the replacement rate of the manufactured sand is 20%, 40%, 60% and 80%. With the increase of the replacement rate of the manufactured sand, the compressive strength of the manufactured sand -EPS concrete increase always, and the trend of growth is smoother.
Conclusion
The effect of the particle size and amount of EPS foam on the compressive strength of EPS concrete and the effect of the amount of EPS foam and manufactured sand on the compressive strength of manufactured sand-EPS concrete was studied. The main conclusions are as follows:
(1)Mixing concrete with EPS foam can improve the plastic deformation capacity of concrete.
(2)The compressive strength of EPS concrete gradually decrease with the increase of EPS foam replacement rate. When the replacement rate of EPS foam is fixed, EPS concrete of smaller particle size show better mechanical properties.
(3)Mixing EPS concrete with manufactured sand can improve the compressive strength of EPS concrete. The influence of the amount of manufactured sand on the compressive strength of manufactured sand-EPS concrete depends on the amount of EPS foam. When the replacement ratio of EPS in concrete is 50%, the compressive strength of manufactured sand-EPS concrete increase first and then decrease. When the replacement ratio of EPS in concrete is 75%, the compressive strength of manufactured sand-EPS concrete increase always.
